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(54) CONCENTRATED CONSTANT TYPE NON-RECIPROCAL CIRCUIT ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a concentrated constant type 
non-reciprocal circuit element which attains a wide band and also 
obtains high attenuation of higher harmonic with an extremely simple 
structure. 

SOLUTION: Plural central conductors 22 which overlap one another in 
an insulating state at a prescribed angle, a magnetic body 21 
arranged closely to the conductors 22 and a permanent magnet 26 
which applies a DC magnetic field to the body 21 are basic structures, 
they are stored by magnetic yokes and inductors 23 and 24 and 
capacitors 15 to 19 are serially connected to the other ends of the 
conductors 22 on input and/or output sides. Thus, it is possible to 
attain a wide band and also to obtain the high attenuation of higher 
harmonic. 
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CLAIMS 



[Claim(s) ] 

[Claim 1] In the state of an insulation, mutually And two or more 
central conductors piled up at the predetermined include angle, the 
magnetic substance arranged by being close to this central conductor, In 
the concentrated-constant mold non-reciprocal circuit component which 
makes basic structure the permanent magnet which impresses a direct- 
current field to this magnetic substance, and is contained and 
constituted by the magnetic yoke said each central conductor The 
concentrated-constant mold non-reciprocal circuit component which an end 
is grounded and the adjustment capacitor by which the end was grounded 
is connected to the other end, and can connect the series circuit of a 
capacitor with an inductor further only at the other end of said central 
conductor of an input side, and can measure broadband-ization, and can 
obtain high attenuation of a higher harmonic. 

[Claim 2] In the state of an insulation, mutually And two or more 
central conductors piled up at the predetermined include angle, the 
magnetic substance arranged by being close to this central conductor, In 
the concentrated-constant mold non-reciprocal circuit component which 
makes basic structure the permanent magnet which impresses a direct- 
current field to this magnetic substance, and is contained and 
constituted by the magnetic yoke said each central conductor The 
concentrated-constant mold non-reciprocal circuit component which an end 
is grounded and the adjustment capacitor by which the end was grounded 
is connected to the other end, and can connect the series circuit of a 
capacitor with an inductor further only at the other end of said central 
conductor of an output side, and can measure broadband-ization, and can 
obtain high attenuation of a higher harmonic. 

[Claim 3] In the state of an insulation, mutually And two or more 
central conductors piled up at the predetermined include angle, the 
magnetic substance arranged by being close to this central conductor, In 



the concentrated-constant mold non-reciprocal circuit component which 
makes basic structure the permanent magnet which impresses a direct- 
current field to this magnetic substance, and is contained and 
constituted by the magnetic yoke said each central conductor The 
concentrated-constant mold non-reciprocal circuit component which an end 
is grounded and the adjustment capacitor by which the end was grounded 
is connected to the other end, and can connect the series circuit of a 
capacitor with an inductor further only at the other end of said central 
conductor of an input side and an output side, and can measure 
broadband-ization, and can obtain high attenuation of a higher harmonic. 
[Claim 4] The concentrated-constant mold non-reciprocal circuit 
component according to claim 1 to 3 characterized by connecting the 
inductor to said central conductor side in the series circuit of the 
inductor and capacitor which were connected to the other end of said 
central conductor. 

[Claim 5] The concentrated-constant mold non-reciprocal circuit 
component according to claim 1 to 3 characterized by connecting the 
capacitor to said central conductor side in the series circuit of the 
inductor and capacitor which were connected to the other end of said 
central conductor. 

[Claim 6] It is the concentrated-constant mold non-reciprocal circuit 
component according to claim 1 to 3 characterized by connecting and 
carrying out termination of the other end of at least one central 
conductor to resistance among the central conductors by which the series 
circuit of a capacitor is not connected with said inductor. 
[Claim 7] Said inductor is a concentrated-constant mold non-reciprocal 
circuit component according to claim 1 to 3 characterized by being the 
coil formed on the flexible substrate. 

[Claim 8] Said inductor is a concentrated-constant mold non-reciprocal 
circuit component according to claim 1 to 3 characterized by being the 
coil formed on the printed circuit board. 

[Claim 9] Said inductor is a concentrated-constant mold non-reciprocal 
circuit component according to claim 1 to 3 characterized by being a 
chip inductor. 

[Claim 10] Said inductor is a concentrated-constant mold non-reciprocal 
circuit component according to claim 1 to 3 characterized by being the 
coil produced with copper wire. 

[Claim 11] Said inductor and capacitor are a concentrated-constant mold 
non-reciprocal circuit component to either of claims 1-3 characterized 
by being the laminating chip of one. 

[Claim 12] It is the concentrated-constant mold non-reciprocal circuit 



component characterized by considering as external on the substrate with 
which the inductor of said series circuit, and some or all of a 
capacitor mounts a non-reciprocal circuit component in a non-reciprocal 
circuit component according to claim 1 to 3. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the concentrated- 
constant mold non-reciprocal circuit component which can control the 
higher harmonic of a wave 2 double wave and 3 times by measuring 
broadband- izat ion especially about concentrated-constant mold non- 
reciprocal circuit components used for microwave communication devices, 
such as a cellular phone, etc. , such as a circulator and an isolator. 
[0002] 

[Description of the Prior Art] Conventionally, concentrated-constant 
mold non-reciprocal circuit components, such as a circulator and an 
isolator, have the property which transmits power only in the specific 
direction and is not transmitted to hard flow, and are used for the 
microwave communication device. It is in an insulating condition 
mutually, and this concentrated-constant mold non-reciprocal circuit 
component arranges three central conductors piled up at intervals of 120 
degrees on the magnetic substance, has the permanent magnet which 
impresses a direct-current field to that magnetic substance, it contains 
these in the case used as a magnetic yoke, and is constituted. 
[0003] The decomposition perspective view of the concentrated-constant 
mold non-reciprocal circuit component of a conventional example is shown 
in drawing 7 . This conventional example is a concentrated-constant mold 



isolator, it piled up three central conductors 8 of each other in the 
state of the insulation on the magnetic substance which consists of a 
disc-like garnet 7 between the top case 1 and the bottom case 2, has 
arranged this central conductor section to the bore of a ceramic 
substrate 3, and arranges it on the bottom case 2 with the ceramic 
substrate 3. The end of each central conductor 8 is grounded by the 
bottom case at this time. Moreover, the other end of each central 
conductor 8 is connected to the electrostatic-capacity formation 
electrode 4 formed on the ceramic substrate 3. Termination of the 
electrode 4a for one electrostatic-capacity formation is connected and 
carried out to the earth electrode 6 through the dummy resistor 5. 
Moreover, the permanent magnet 9 which impresses a direct-current field 
to the magnetic substance is arranged at the top case 1, the top 
[ this ] case 1 and the bottom case 2 are joined, and the concentrated- 
constant mold isolator is constituted. 

[0004] Besides, a case 1 and the bottom case 2 are the magnetic 
substance, work as a magnetic yoke and constitute the magnetic circuit 
which impresses the magnetism of a permanent magnet to the magnetic 
substance which consists of a garnet 7. Moreover, among three central 
conductors, the end of two central conductors 8 is extended and is used 
as a projection and an input/output terminal. Moreover, this central 
conductor consists of three central conductors which project from a 
circular plate, arranges the magnetic substance on that plate, and it is 
turned up, and it piles up and it is constituted so that that magnetic 
substance may be wrapped in. 

[0005] This concentrated-constant mold non-reciprocal circuit component 
is used for an input terminal or output terminal side for the low pass 
filter which controls harmonic content in many cases, connecting, when 
used in microwave communication devices, such as a cellular phone. As 
this low pass filter, it was constituted in many cases on the substrate 
with which a concentrated-constant mold non-reciprocal circuit component 
is mounted. 
[0006] 

[Problem(s) to be Solved by the Invention] For example, a cellular phone 
spreads with vigor frightful in recent years, and the miniaturization is 
also progressing quickly. And the miniaturization is demanded also for 
the concentrated-constant mold non-reciprocal circuit component used for 
the cellular phone. Moreover, not only a miniaturization but to be low 
cost is demanded. Moreover, since it corresponds to the escape of the 
frequency band by the increment in the number of subscribers, the engine 
performance which covers a broadband conventionally to a component part 



is demanded. 

[0007] The equal circuit which shows the conventional non-reciprocal 
circuit component to drawing 8 as circuitry for broadband-izing is known. 
In this conventional example, series resonant circuits 51, 52, and 53 
are connected to all I/O edges. Thereby, a double hump response is 
acquired and can broadband-ize. In addition, in this conventional 
example, termination of the other end of a resonance circuit 53 is 
carried out by Terminator R. 

[0008] Thus, with the conventional concentrated-constant mold non- 
reciprocal circuit component, in order to broadband-ize, the resonance 
circuit was connected to each 1/0 edge, i. e. , all central conductors, 
and there were many component parts and they were disadvantageous 
structure to a miniaturization and low-cost-izing. Moreover, also in 
order to control harmonic content, it was the structure of connecting a 
low pass filter on the mounting substrate of a non-reciprocal circuit 
component, and was disadvantageous structure to a miniaturization and 
low-cost-izing. 

[0009] This invention adds the function to broadband-ize for a 
concentrated-constant mold non-reciprocal circuit component, and to 
attenuate harmonic content. The low pass filter connected in the 
exterior of a concentrated-constant mold non-reciprocal circuit 
component is lost, and it aims at offering the concentrated-constant 
mold non-reciprocal circuit component which can attain the whole 
miniaturization. With moreover very simple structure It aims at offering 
the concentrated-constant mold non-reciprocal circuit component which 
can obtain high attenuation of a higher harmonic at the same time it 
achieves broadband-ization. 
[0010] 

[Means for Solving the Problem] Two or more central conductors on which 
this invention was mutually put at the predetermined include angle in 
the state of the insulation, In the concentrated-constant mold non- 
reciprocal circuit component which makes basic structure the permanent 
magnet which impresses a direct-current field to the magnetic substance 
arranged by being close to this central conductor, and this magnetic 
substance, and is contained and constituted by the magnetic yoke An end 
is grounded, the adjustment capacitor by which the end was grounded is 
connected to the other end, and said each central conductor is further 
set only to an input side, an output side or an input side, and an 
output side. It is the concentrated-constant mold non-reciprocal circuit 
component which can connect the series circuit of a capacitor with an 
inductor, and can measure broadband-ization to the other end of said 



central conductor, and can obtain high attenuation of a higher harmonic 
to it. 

[0011] Moreover, in the series circuit of said inductor and capacitor, 
even if this invention changes the order of an inductor and a capacitor, 
it is the concentrated-constant mold non-reciprocal circuit component 
which can measure broadband-ization similarly and can obtain high 
attenuation of a higher harmonic. 

[0012] Moreover, the coil produced as said inductor with the coil formed 
on the flexible substrate, the coil formed on the printed circuit board, 
a chip inductor, and copper wire can be used for this invention. 
[0013] Moreover, the laminating chip mold of one can be used for this 
invention as said inductor and a capacitor. 

[0014] Moreover, this invention can make external some or all of said 

inductor and a capacitor on the substrate to mount. 

[0015] 

[Embodiment of the Invention] This invention considered setting the low 
pass filter connected not only to a concentrated-constant mold non- 
reciprocal circuit component but to the input side or output side, and 
miniaturizing. Moreover, it examined whether-izing could be carried out 
[ broadband ] in a simple circuit. And it is contained by the magnetic 
yoke and only an input side makes [ an output side ] it possible to 
obtain high attenuation of broadband-izing and a higher harmonic by 
connecting an inductor and a capacitor to the edge of the central 
conductor of only an input side and an output side at a serial into the 
concentrated-constant mold non-reciprocal circuit component formed into 
the one package. 

[0016] Like before, unlike the structure of connecting a resonance 
circuit to all central conductors, it is only connecting the series 
circuit of a capacitor with an inductor selectively, and the series 
circuit of the inductor and capacitor which are connected to the edge of 
a central conductor can reduce components mark in this invention. And in 
this invention, high attenuation of a higher harmonic can be obtained 
and connection of a low pass filter like before is made unnecessary. 
[0017] That is, in this invention, the series circuit of an inductor and 
a capacitor measures broadband-ization and has the operation which 
moreover obtains high attenuation of a higher harmonic. 
[0018] A coil can be formed and used for the inductor of this invention, 
and the inductor of the series circuit of a capacitor by the pattern of 
copper foil for example, on a flexible substrate or a printed circuit 
board. Moreover, a chip inductor is sufficient as this inductor, and it 
may be constituted using copper wire. 



[0019] It connects with an input or an output terminal, and the other 
end of the capacitor of the inductor of this invention and the series 
circuit of a capacitor is contained in a magnetic yoke with an inductor. 
The veneer capacitor which prepared the electrode in both sides of the 
sheet metal of a dielectric can be used for this capacitor. Moreover, a 
chip capacitor is sufficient as this capacitor, and it may prepare and 
constitute an electrode pattern in some dielectric substrates. 
[0020] This inductor and capacitor may consist of laminating chips of 
one. 

[0021] Reverse is sufficient as the connection sequence of this inductor 
and a capacitor. 

[0022] Although it is desirable to connect with both the input side of 

an isolator and an output side as for this inductor and capacitor, you 

may connect only with an input side or an output side. 

[0023] Some or all of this inductor and a capacitor may be made external 

on the substrate with which an isolator is mounted. 

[0024] 

[Example] The decomposition perspective view of the 1st example 
concerning this invention is shown in drawing 1 . Moreover, the 
representative circuit schematic of this example is shown in drawing 2 . 
This example is a concentrated-constant mold isolator. As for this 
example, the resin case 12 is arranged on the bottom case 11. The hole 
for each part article insertion etc. was formed, the external connection 
terminal 13 was number [ of **** ] -formed in the part which faces outside, 
and the other end of that external connection terminal 13 is the 
interior of the resin case 12, and has exposed this resin case 12 to 
components connection. The central conductor section 14, capacitors 15, 
16, 17, 18, and 19, and resistance 20 are arranged in the hole for 
components insertion of the resin case 12. 

[0025] Three central conductors 22 are inserted in so that this central 
conductor section 14 may wrap in the magnetic substance 21 which 
consists of a garnet. Each central conductor of each other is insulated 
on both sides of an insulation sheet on the whole surface of the 
magnetic substance 21 which consists of this garnet in between, and this 
central conductor 22 crosses at the predetermined include angle. This 
central conductor section 14 is arranged at the hole of the center of 
the resin case 12, and the edge of each central conductor 22 is 
connected to capacitors 15, 16, and 17. An electrode is formed in a top 
face and an underside, a central conductor is connected to the electrode 
of that top face, and an electrode at the bottom is grounded for these 
capacitors 15, 16, and 17. One central conductor 22a is connected to 



resistance 20 while connecting with a capacitor 15. This resistance 20 
is grounded and termination of this terminal is carried out. Moreover, 
while one central conductor 22b is connected to a capacitor 16, the chip 
inductor 23 is connected. The amplification top view for a connection of 
this central conductor 22b is shown in drawing 3 . The edge of central 
conductor 22b is arranged and connected on a capacitor 16. Furthermore, 
end 23a of the chip inductor 23 is arranged and connected there. And 
other end 23b of the chip inductor 23 is connected to the capacitor 18 
arranged on polar-zone 13a through which it flowed for the external 
connection terminal 13. An electrode is formed in a top face and an 
underside, a chip inductor is connected to the electrode of that top 
face, and these capacitors 18 and 19 are connected to the polar zone 
through which it flowed for the external connection terminal 13 for an 
electrode at the bottom. While another edge of central conductor 22c is 
similarly arranged and connected on a capacitor 17, it connects with the 
end of the chip inductor 24, and the other end of an inductor is 
connected to a capacitor 19. 

[0026] Furthermore, the permanent magnet 26 was positioned by the resin 
mould 25, the top case 27 was put, and the concentrated-constant mold 
isolator was constituted. To the conventional structure, it is the 
structure which connected the chip inductors 23 and 24 and capacitors 18 
and 19 to the input side and the output side at the serial, and the 
former and the same size were able to constitute the concentrated- 
constant mold isolator from this example. 

[0027] In this example, using the garnet of 3. 9mmphi, and the permanent 

magnet of 5. 5mmphi, it was 7mm angle, small [ with a height of 2mm ], 

and a thin concentrated-constant mold isolator, and the isolator for 

889-960MHz (f0:924. 5MHz) bands was constituted, and the property shown 

in a table 1 was acquired. 

[0028] 

[A table l] 
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[0029] As shown in a table 1, in the example of this invention, although 
an insertion loss increases a little, it can broadband-ize VSWR, and can 
be raising substantially the magnitude of attenuation of 2 double wave 
of center frequency (fO), and the magnitude of attenuation of a 3 time 
wave. The example of a comparison of this table 1 is the case of the 



structure where the chip inductors 23 and 24 of an example and 
capacitors 18 and 19 are not connected. 

[0030] The decomposition perspective view of the 2nd example concerning 
this invention is shown in drawing 4 R> 4. The flexible substrate 28 
which formed the inductor pattern by the copper foil which is this 
structure mostly and was stuck on poly IMID0SHI-T0 instead of the chip 
inductor as an inductor with the example shown in drawing 1 is used for 
this example. It has the structure where a through hole is established 
in each edge of an inductor, and a surface pattern and a terminal on the 
back flow. While connecting the edge of central conductor 22b to a 
capacitor 16, it connects with the flexible substrate 28. The 
amplification top view for a connection of this central conductor 22b is 
shown in drawing 5 . The edge of central conductor 22b is arranged and 
connected on a capacitor 16. Furthermore, end 28a of the inductor formed 
on the flexible substrate is connected to the edge through a through 
hole, and other end 28b of the inductor is connected through the end and 
through hole of the capacitor 18 connected on polar-zone 13a through 
which it has flowed for the external connection terminal 13. 
[0031] Moreover, the decomposition perspective view of the 3rd example 
concerning this invention is shown in drawing 6 . The laminating chips 
29 and 30 which are these structures mostly and carried out the 
laminating of an inductor and the capacitor to the example shown in 
drawing 1 at one are used for this example. 

[0032] While measuring broadband-ization by connecting an inductor and a 
capacitor only to an input side, an output side or an input side, and an 
output side at a serial according to the example of this invention, 2 
double wave and the higher harmonic of a 3 time wave can be controlled, 
components called the low pass filter conventionally added as another 
components can be eliminated, and advanced features of a concentrated- 
constant mold non-reciprocal circuit component and the miniaturization 
of a microwave device can be attained. Moreover, various configurations 
can be used for the inductor of this invention. 

[0033] In the above-mentioned example, although the inductor and the 
capacitor were connected to I/O one end, you may connect with either an 
input one end side or an outgoing end side. Moreover, although the 
isolator explained in the above-mentioned example, it is the same even 
if it is a circulator. 

[0034] Although -the above-mentioned example explained the structure 
which arranges the series circuit of an inductor and a capacitor in a 
concentrated-constant mold non-reciprocal circuit component, the 
inductor and effectiveness with the same said of forming some thru/or 



all of a capacitor on the substrate with which a concentrated-constant 
mold non-reciprocal circuit component is mounted can be acquired. 
[0035] 

[Effect of the Invention] In a concentrated-constant mold non-reciprocal 
circuit component, by connecting an inductor and a capacitor to the 
central conductor of an input side and/or an output side at a serial, 
while measuring broadband-ization, according to this invention, the 
concentrated-constant mold non-reciprocal circuit component which can 
obtain high attenuation of a higher harmonic can be obtained. Since the 
function in which high attenuation of a higher harmonic can be obtained 
was added to the concentrated-constant mold non-reciprocal circuit 
component which is one package, one component can attain what has two 
conventionally required components. Moreover, it is the former and the 
same size also as a concentrated-constant mold non-reciprocal circuit 
component, and moreover, it is attained with easy structure and is very 
useful to the miniaturization of a device, and low-cost-izing. 
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[Brief Description of the Drawings] 

[Drawing l] It is the decomposition perspective view of the 1st example 
concerning this invention. 

[Drawing 2] It is the representative circuit schematic of the 1st 
example concerning this invention. 

[Drawing 3] It is the partial amplification top view of the 1st example 
concerning this invention. 

[Drawing 4] It is the decomposition perspective view of the 2nd example 
concerning this invention. 

[Drawing 5] It is the partial amplification top view of the 2nd example 



concerning this invention. 

[Drawing 6] It is the decomposition perspective view of the 3rd example 
concerning this invention. 

[Drawing 7] It is the decomposition perspective view of the conventional 
example. 

[Drawing 8] It is the representative circuit schematic of a conventional 
example. 

[Description of Notations] 

11 Bottom Case 

12 Resin Case 

13 External Connection Terminal 

14 Central Conductor Section 
15, 16, 17, 18, 19 Capacitor 

20 Resistance 

21 Garnet (Magnetic Substance) 

22 Central Conductor 

23 24 Chip inductor 

25 Resin Mould 

26 Permanent Magnet 

27 Top Case 

28 Flexible Substrate 

29 30 LC laminating chip 
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